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1 Introduction
Electron-positron annihilation line from a Galactic center direction was discovered
by the balloon-borne germanium gamma-ray telescope [1], and confirmed by OSSE
experiment of CGRO mission [2, 3]. Extensive observations by INTEGRAL obser-
vatory [4, 5] permit to determine properties of the annihilation line from Galactic
bulge. The observations confirmed the steady state of the line, and estimate pro-
duction rate of positrons (e+) in the bulge as 2 × 1043 [6]. Possible sources of e+
already discussed are supernovae explosions [7, 8], microquasars [9], gamma-ray
bursts [10], tidal disruption events [11], activity near black hole of Sgr A*, e.g. [12],
e+ generation by subrelativistic cosmic rays [13], or even dark matter, e.g. [14].
One remarkable feature of the line emission is an absence of resolved point like
sources [6]. Any model should take into account this feature. We consider flares
of low-mass stars as a possible cumulative e+ source of the observed annihilation
line from the bulge. Our estimations show that e+ production by numerous flaring
stars in Galaxy bulge can be significant, or even the main source of e+ responsible
for the annihilation line observed from the central part of our Galaxy.
1
2 Positrons in solar flares
The number of positrons generated during a strong solar flare may be estimated
from the intensity of the annihilation line of Eγ = 511 keV observed in powerful
flares. It was determined that fluence of Eγ = 511 keV line over the entire flare of
2002 July 23 (duration of observation is 960 s) was ∼ 83± 14 cm−2 [15]. The flare
was registered by high purity Ge-detectors of RHESSI mission. One can estimate
the number of e+ ejected during the flare provided isotropic line emission. The
Sun-Earth distance is equal to D = 1.5 · 1013 cm, the total number of photons
emitted during the flare in the 511 keV line is equal to
N511,sun = F511,sun4piD
2 = 2.3 · 1029. (1)
Despite that annihilation line is a clear signature of a positron production,
exact positron number in the flare is not known, at least, due to following reasons.
A ratio of the two channels of annihilation is poorly understood. One of them
assumes intermittent positronium production in a triplet spin state, and further
annihilation with an emission of 3 photons. The annihilation via this channel
produces continuum emission but not the annihilation line of 511 keV. The ratio
of annihilation rates of different channels is known as the 3γ/2γ ratio. Also the
line emission could be non-isotropic because positron production related to a small
region of flaring activity of the Sun surface. And finally, only a small number of
positrons produced in flares can be annihilated while traveling to the Earth.
Assuming that only part δ of the emitted positrons are annihilated, we can
estimate a total positron production in the flare as N511,sun = 2.3 · 10
29/δ . The
positrons produced in solar flares due to beta decay of radioactive isotopes are
almost relativistic, and one of the signature of relativistic positron production is
an observed polarization of a microwave radiation in solar flares [16]. The cross-
section of the annihilation [17] is
2
σann ≈ pi r
2
e = 2.5 · 10
−25cm2, (2)
where re = 2.6 · 10
−13 cm is the classical electron radius.
The electron number density in the solar corona may be approximated by
a power law function [18], with a density at the base ncor,0 ≈ 10
8 cm−3. The
number of electrons on the line of sight from the Sun to the Earth is estimated as
Ne, cor ≈ ncor,0R⊙ ≈ 7 · 10
18 cm−2. It gives a probability of the annihilation for
the positrons emitted from the Sun as Wann ≈ σannNe,corr ≈ 2 · 10
−6
∼ δ. For
this value of δ, the number of the positron production in the flare as re,⊙,flare =
N511,sun/δ = 2.3 · 10
29/δ ≈ 1.2 · 1035 . Actually the positron production is two
times less, because during e+ e− annihilation two photons with energy 0.511 MeV
are produced, so the number of positrons is equal to
Ne,⊙,flare = 0.5×N511,sun/δ = 0.6 · 10
35 . (3)
We can estimate now η the ratio of the positron production to a bolometric energy
of the flare. For the X4.8 class flare described above the bolometric energy is about
5 · 1032 erg [19] and
η = 0.6 · 1035/5 · 1032 = 120 e+/erg (4)
3 Positron rate from flaring stars in the bulge
To estimate the positron rate production by flaring star in the bulge we need a
flare frequency distribution, a number of flaring stars in the bulge, and the ratio of
positron production per bolometric energy of the flare η obtained above. The flare
frequency of flaring stars was investigated using data obtained by Kepler space-
borne telescope [20, 21, 22]. The frequency distribution ν(E) of 4494 superflares
detected from 77 stars of G-class is ν(E) = A ·E−γ , where γ = 2.04± 0.17. (E is
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a bolometric energy of the flare.) Index γ is varying for individual stars from 0.65
up to 2.45. For further estimations we suggest that power law index γ is equal
to 2. A typical normalization factor for frequent flare activity stars observed by
Kepler mission (see Fig. 8 of [22]) is A ≈ 1036erg−1year−1.
The total flare energy Etot per year per one flaring star can be written as
Etot =
∫
ν(E) · EdE, erg/year (5)
The frequency distribution is restricted by the energy of most intense flares in
the Kepler sample, as 2 · 1037 erg (see however [23]). The low limit of flare energy
cannot be determined due to insufficient sensitivity. However we can use extensive
solar flare observations and put lower limit 1024 erg, i.e. the same as observed for
the solar flares [19]. Using these limits we obtain
Etot = A · ln (Emax/Emin) ≃ 3 · 10
37 erg/year (6)
Accepting the mass of the bulge Mb = 2 · 10
10M⊙, [24] one can estimate the
total number of stars of G,K,M - types as Nstars =Mb/(0.3 ·M⊙) ≃ 6 · 10
10. Then
we can write a total production rate of positrons in the bulge N+e as
Ne+ = Nstars · Etot · η = 1.8 · 10
48η e+/year (7)
The estimated rate of e+e− annihilation in the bulge is Re+ = 2 · 10
43 s−1 ≈
6 · 1050 year−1 [6]. Such rate of positron generation should be present at steady
state. From (7) it follows that bursting red dwarfs could supply the necessary
amount of positrons at η = 340, what is about 3 times larger than the value of
η ≃ 120 estimated for the Sun (4).
Some parameters used for estimating Ne+ such as minimal and maximal energy
of flares, conversion coefficient η and the index γ are poorly investigated and by
varying these parameters one can increase the total e+ production rate approach-
ing to the observed value. For the solar flare mentioned above [15] only 10−4 of
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bolometric energy of the flare was used for the positron production. For more pow-
erful flares this value should be at least 3 times larger to satisfy the estimated e+
production obtained from observations of the annihilation line. Crude estimating
show that positron production by flaring stars can be significant, or even the main
source of positrons responsible for the annihilation line observed from the central
part of our Galaxy.
Our hypothesis could be verified by searching for annihilation line in nearest
and massive globular clusters enriched by red-dwarfs. The brightest globular clus-
ter NGC 5139 at the distance of 4.8 kpc and the mass of ∼ 4 · 106M⊙ [25] can
be considered. A flux ratio between observed e+e− annihilation line from Galaxy
bulge and assumed flux of NGC 5139 should be ∼ 1.8 · 103. Observation with
necessary sensitivity could be available in future.
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